Asbestos
Asbestos is found naturally as fibrous minerals in six types of rock formations-chrysotile, amosite, crocidolite, actinolite, tremolite, and anthophyllite, with chrysotile being the most commonly used type of asbestos in commercial products (ATSDR, 2001) . When mined and processed, asbestos is separated into thin fibers that are normally invisible to the naked eye and when released into the air may remain airborne for up to 72 hours. If inhaled, these asbestos fibers can accumulate in the lungs. Prolonged exposure to high levels of these fibers is linked to three specific diseases in humans-asbestosis, lung cancer, and mesothelioma (ATSDR, 2001; HEI, 1991; WHO, 1998) .
Asbestos has been mined and used commercially in the United States since the 1800s with an increase in use following World War II (ATSDR, 2001) . The primary use of asbestos was as an additive to enhance properties of other materials due to its resistance to chemicals and heat, insulating capabilities, and resistance to wear and friction. Major uses of asbestos include floor tiles, cements, thermal and acoustical insulation, plaster, roofing products, and friction products such as motor vehicle brake pads. Today, asbestos is prevalent in the environment due to its past widespread use in building materials and friction products (HEI, 1991) .
Asbestos can be found in all types of buildingsindustrial, commercial, institutional, and residentialparticularly those constructed prior to the mid-1970s when federal agencies began limiting its use. From 1973 through 1977, the U.S. Environmental Protection Agency (EPA) and Consumer Product Safety Commission (CPSC) promulgated a series of regulatory actions banning or restricting the use of certain asbestos products. During this period, asbestos was banned from the manufacture, importation, processing, and distribution of paper products, felt flooring, spray-applied surfacing materials (e.g., spray applied fire proofing), pipe and block insulation, artificial fireplace embers, and wall patching compounds, as well as any new uses. In 1989, the EPA issued a regulation banning the manufacture of most other asbestos-containing products, such as roof coatings, cement shingles, vinyl floor tiles, gaskets, and brake pads and other automotive components. However, in 1991 this regulation was overturned by a court ruling so many asbestos-containing products are still commercially available (EPA, 2014) .
The EPA defines an asbestos-containing material (ACM) as a material that contains asbestos at concentrations of more than 1% (40 CFR 763; 40 CFR 61.145). The U.S. Occupational Safety and Health Administration (OSHA) and the EPA have promulgated regulations (29 CFR 1926 (29 CFR .1101 29 CFR 1910 29 CFR .1001 40 CFR 763; 40 CFR 61.145) to minimize potential exposures to asbestos by controlling the management, handling, packaging, and disposal of ACMs. Additionally, many states have specific regulations pertaining to asbestos, some of which are different and/or more stringent than those promulgated by federal agencies. ACMs become a potential health hazard when the materials are disturbed resulting in the possible generation of airborne fibers. Aerosolization of ACMs may result from physical or mechanical disturbance or through abatement of the material. Maintenance, renovation, or construction activities that may disturb ACMs must be conducted in a controlled manner in accordance with the EPA and OSHA (and, if applicable, state) regulations referenced above. The EPA requires a thorough inspection of a job site for the presence of asbestos prior to demolition or renovation activities and subsequently the controlled removal of ACMs that may be disturbed as a result of these activities (40 CFR 61.145). Inspectors must be trained and certified to use specific sampling and analytical methods to identify ACMs. OSHA also has certain requirements relating to the health and safety of asbestos abatement workers (29 CFR 1926 (29 CFR .1101 . Although various exceptions and alternatives exist depending on the specific situation and state, the following is generally required for removal of friable ACMs:
• Notify the EPA (or designated state agencies) prior to beginning the work.
• Use qualified (licensed/certified) contractors, whose workers are trained in abatement processes and who use appropriate personal protective equipment.
• Restrict access and ensure full containment of work areas. This typically involves the use of negatively pressurized enclosures.
• Use specific work practices to adequately wet the ACMs and minimize dust generation during removal, containerization, and disposal.
• Visually inspect and provide final air clearance testing of work areas by a qualified asbestos project monitor after completion of abatement. Areas must meet certain "clearance" criteria, including that work areas be cleaned to a "no visible debris" criteria and that air sample results meet required levels.
• Properly label containers and appropriately transport and dispose of ACMs.
• Maintain records related to the abatement and disposal work.
Note that abatement (removal, encapsulation, or enclosure) of undamaged ACMs is not always required; intact and undisturbed asbestos and ACMs are generally considered to not pose a risk to health (EPA, 1999; HEI, 1991) .
The EPA evaluated various ACM control strategies for buildings and determined that a proactive management program, emphasizing a "manage-in-place philosophy," is the best approach to reducing potential exposures (EPA, 1999) . Key elements of the manage-in-place strategy include identifying the condition of ACMs (friable/nonfriable, damaged/undamaged) and their potential for disturbance, abating materials if they pose a risk, and monitoring the status of intact ACMs over time with intervention if materials deteriorate. Procedures are also implemented to ensure that occupants and maintenance workers are aware of ACMs and that they are not disturbed except by trained and qualified personnel under controlled conditions.
Lead
Lead is a natural element in the environment that occurs in the form of ores. The history of lead ore use goes back many centuries, with the oldest known object created from lead ore being a statue dating from around 6500 B.C. that was excavated in Turkey. Additionally, historical findings have shown that the Roman Empire used lead extensively to line water and wine storage vessels, in utensils, and as a glaze on pottery.
More recently, lead was widely used in several commonly available products. It was added to paint as a color pigment and as a means to extend protective properties, to fuel to increase efficiency and prevent engine knocking in automobiles (as a gasoline additive), and to shields that protect medical workers from radiation exposure. Although lead is no longer used in many of these applications, many buildings in the United States built prior to 1978 still have lead-based paint (LBP) applied to interior and exterior surfaces and components. In 1978, the CPSC banned lead for residential use in the United States (16 CFR 1303) .
Although lead has some beneficial uses, the serious health risks associated with it, particularly for young children, have resulted in a robust regulatory framework in the United States and in most of the world as well (Lewis, 1985) . Exposure to lead can cause nervous system damage, kidney damage, and delayed development (ATSDR, 2007) . Children are particularly attracted to lead due to the often sweet taste of lead-based paint. In adults, lead exposure can result in reproductive problems in men and women, plus lead is considered a likely carcinogen (OSHA, 2012) . Ingestion of LBP chips and inhalation of lead-contaminated soil and dust are the primary exposure pathways for children, and to a lesser extent, for building occupants and construction workers.
A number of regulations govern the management and disposal of lead-containing materials in buildings, particularly in facility management, demolition, and renovation scenarios:
• OSHA regulations for the construction of commercial facilities (29 CFR 1926) require hazard communication training and documented work practices for maintenance and renovation activities.
• The OSHA Lead Construction Standard (29 CFR 1926.62) addresses worker exposure at any concentration of lead in paint. Employers must provide complete worker protection and establish an exposure program for any renovation or demolition activities where lead is identified in paint at any concentration.
• Programs must address respiratory protection and include personal air sampling for the various tasks being performed (29 CFR 1926.62 ).
• Federal (and often state and local) regulations include requirements for the disposal of lead-containing wastes (29 CFR 1926.62; 40 CFR 261) .
• Lead-containing debris generated during renovation or demolition activities is typically analyzed using the Toxicity Characteristic Leaching Procedure (TCLP), via EPA SW-846 3rd Ed. Method Nos. 3050B/7420, to determine if the material must be disposed of as hazardous waste (40 CFR 261).
Polychlorinated Biphenyls (PCBs)
Polychlorinated biphenyls (PCBs) are mixtures of chlorinated compounds (also known as congeners). In the United States, PCB mixtures are often known by the trade name Aroclor. PCBs are man-made, semi-volatile compounds that take the form of oily liquids, solids, or vapor in air at low levels (ATSDR, 2000) . When heated, the vaporization of PCBs increases, leading to a higher concentration in the air. These compounds do not readily break down in the environment and can travel long distances in the air, resulting in potentially hazardous conditions in building environments constructed from the 1950s through the 1970s. Building materials that may contain PCBs include, but are not limited to, fluorescent lighting fixtures, electrical devices containing PCB capacitors, hydraulic oils, and caulking. PCBs have also been used as coolants and lubricants because of their insulation properties.
The U.S. halted the manufacture of PCBs in 1977 due to their persistence in the environment and harmful health effects (ATSDR, 2000) . The most common adverse effect to PCB exposure is skin irritation, including rashes and acne (ATSDR, 2000) . PCBs are listed as a Group 1 Carcinogen by the International Agency for Research on Cancer (IARC, 2014) . Non-cancer symptoms include changes to the immune, endocrine, nervous, and reproductive systems (EPA website at www.epa.gov).
Caulk is primarily regulated by the EPA under the Toxic Substance and Control Act (TSCA) (40 CFR 761). TSCA also regulates asbestos-containing materials. Under this Act, the EPA has determined that certain non-liquid PCBs present a potential risk to human health. Caulking and sealants that contain PCBs >50 ppm are examples of products that are considered "unauthorized" and must be removed from use.
In addition to the original source material, PCB residues must be removed from surfaces that were in contact with the caulking, according to the regulation. Over time small quantities of PCBs in caulk can leach into the surrounding surfaces, with more porous materials resulting in a deeper penetration of the PCBs. Cleaning residual PCB contamination is an expensive and invasive component of a PCB caulking remediation program and requires substantial re-work to a building's facade to restore the architectural, structural, and/or aesthetic features of the building.
Unlike with asbestos, a "manage in place" approach for "unauthorized" PCB products such as caulking, does not exist within EPA regulations; thus, when discovered, these products must be taken out of service. Because the removal of PCB caulking and the cleaning of the surrounding surfaces are strictly regulated by the EPA, a property owner must first submit an "alternative decontamination plan" to the EPA for review (a 79[h] plan) (40 CFR 761.79 [h] ). This plan typically specifies the nature and extent of the required remediation work, the methods to be used, and the testing and verification procedures to be used to validate successful cleanup.
State and local authorities have limited jurisdiction over the cleanup of PCBs, but a "release" of caulking from a building that results in PCB contamination of the environment (e.g., soil) above a prescribed level could trigger state regulations. These regulations, which are similar to hazardous waste site cleanup regulations, require the owner to submit a site characterization report, a remediation and cleanup plan, and a testing and verification plan. The remediation method of choice is typically soil removal and disposal (as hazardous waste) and replacement with clean fill.
Summary
Safety professionals should be aware that hazardous materials such as asbestos, lead, and polychlorinated biphenyls (PCBs) may exist in the buildings in which they work. As mentioned, several of these materials may be managed in place with the use of operations and management plans. Safety professionals should recognize the hazards and risks for each of these hazardous materials, develop strategies to manage these materials within their buildings, and ensure that compliance is met if the materials are to be disturbed during construction, renovation, or maintenance activities.
Genomic Sequencing of Ebola Virus; Bacterial Contributions to the Pathogenesis of Influenza Virus Infections Genomic Sequencing of Ebola Virus
The spread of Ebola virus disease (EVD) throughout western Africa beginning in February 2014 has highlighted the threats and challenges accompanying any outbreak of infectious disease. One difficulty facing developers of countermeasures and therapeutics for EVD, as well as researchers in general, is the scarcity of available clinical samples. The rareness of the disease, the difficulty in obtaining and preserving samples, and logistical challenges involved in the safe transport of samples to laboratories capable of performing state-of-the-art analysis all serve to hamper progress. Despite these challenges, a group of researchers reported sequencing the genomes of Ebola virus isolates obtained from 78 patients in Sierra Leone representing >70% of the confirmed cases within that country from late May to mid-June 2014 (Gire et al., 2014) .
The gene-sequencing analysis of virus isolates from this current outbreak focused on determining when Ebola virus crossed into humans, elucidating any genomic changes in the virus that may have occurred before the most recent leap to humans, and identifying changes that have occurred since the outbreak began. It also sought to determine whether the outbreak continues to be fed by additional encounters with the natural reservoir or is solely a result of person-to-person transmission. In-depth reporting of the molecular biology and genomics techniques used in this effort is contained in a substantial supplementary report (Science, 2014) where the authors also address the ethics and biosafety considerations that are of concern when human samples known or suspected of containing a Risk Group 4 virus are involved.
Using sequencing data from 99 isolates obtained from EVD patients in Sierra Leone and sample isolates from previous EVD outbreaks, the authors concluded that the current outbreak is most likely the result of a single transmission event from the natural reservoir, and that human-tohuman transmission continues to feed the outbreak. They document a "catalog of 395 mutations, including 50 fixed nonsynonymous changes with 8 at positions with high levels of conservation across ebolaviruses" (Gire et al., 2014) . While additional functional analysis is necessary to determine if the identified mutations are in any way related to Capsule Sherry S. Bohn 1 and Robert A. Rasmussen 2
